JUL-31-03 1B-BB FROM -FISH AND RICHARDSON 



ID- +2122SS2291 



PAGE 



( 1 9) Japan Patent Office ( JP) 



(12) Japanese Unexamined Patent 
Application Publication (a) 



(11) Unexamined Patent Application 
Publication Number 



H5-133841 

(43) Publication dato 28 May 1993 



(51) Int. a. 3 
G01M 11/00 
C02F 1/35 



Identification symbols 
U 

501 



Internal file number 
8204-20 
7246-2K 



Fl 



Technical indications 



Request for examination: Not filed Number of claims: 2 (7 pages total) 



(21) Application number H3-300511 


(71) Applicant 


000002130 

Sumitomo Electric Industries Ltd. 


(22) Filing date 15 November 1991 




5-33 Kitahama4-cb0me, Chao-ku, Osaka-shi, Osaka-fu 






(72) Inventor 


Shigematsu, Masayuki 
c/o Sumitomo Electric Industries Ltd., 
Yokohama Factory, 1 Taya-chO, Sakae-ku, 
Yokohama-shi, Kanagawa-ken 




(74) Agent 


Patent Attorney Hascgawa, Yoshiki (and 3 others) 



(54) (Title of the invention) NOISE FIGURE MEASUREMENT METHOD AND DEVICE 



(57) (Abstract) 

(Purpose) Accurate and highly reproducible noise figure 
measurement device. 

(Constitution) The power (X) of signal light to be input- 
ted into a fiber optic amplifier is detected with an analyzer 
and interpolated in the vicinity of the center wavelength Xo 
to find the background component (X) forming the skirt 
of the signal light. The power P^t (X) of the output light 
obtained by anmlifying the signal light is detected with an 
analyzer and the gain O is curuputed. On the basis of P^n 
(X) and G, the background-based component Puut (X) ~ 
GPsin (X) of the output light due to this (X) is computed. 
Pwut 's subtracted fiom the power P^ of the output light 
detected with the analyzer, and this difference spectrum is 
interpolated in the center wavelength area of the signal 
light, allowing the true noise light power (area filled 
with oblique lines) alone to be selected and measured. 
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(Scope of patent claims) 

(Claim 1) Method of measuring the noise figure of fiber 
optic amplifiers, comprising: 

a first step in which title spectrum of the signal light for 
measuring the gain of a fiber optic amplifier is measured 
and the background component in the vicinity of the center 
wavelength of the signal light is determined; 
a second step in which the gain of the signal light is deter- 
mined based on the output light outputted by said fiber 
optic amplifier in response to the input of the signal light; 
a third step in which, on the basis of said gain and said 
background component obtained in the aforementioned 
first and second steps, the background-based component of 
output light due to said background component is com- 
puted; and 

a fourth step in which the spectrum of the output Hght out- 
putted by said fiber optic amplifier in response to the input 
of signal light is measured, and the difference spectrum 
between it and said background-based component com- 
puted in aforementioned step 3 is determined. 
(Claim 2) A fiber optic amplifier noise factor measurement 
device comprising: 

a signal light source which generates a signal light for 
measuring the gain of a fiber optic amplifier; 
a spectrum measurement means which measures the spec- 
trum of the signal light generated by said signal light 
source and the spectrum of output hght outputted by said 
fiber optic amplifier in response to the input of the signal 
hght; and 

a spectrum analysis and computation means which deter- 
mines the background component in the vicinity of the 
center wavelength of the signal light based on the spectrum 
of the signal light measured by said spectrum measurement 



means, determines the gain of the signal light based on the 
spectrum of the output light measured by said spectrum 
measurement means, computes the background-based 
component of the output light due to said background 
component on the basis of said background component and 
said gain, and finds the difference spectrum between the 
spectrum of the output light measured by said spectrum 
measurement means and said background-based compo- 
nent. 

(Detuiled description of the invention) 
(0001) 

(Field of industrial application) The present invention re- 
lates to a method and device for measuring the noise figure 
of fiber optic amplifiers doped with rare earth elements 
such as Er. 
(0002) 

(Prior art) Figure 1 and Figure 2 illustrate conventional 
methods of measuring the noise figure of a fiber optic am- 
plifier. Figure 1 illustrates an optical measurement method, 
and Figure 2 illustrates and electrical measurement 
method. 

(000^) As shown in Figure 1 (a), in the case of an optical 
measurement method, signal hght from a commercial sig- 
nal light source is amplified with a fiber optic amplifier, 
and the output light is measured with an optical spectrum 
analyzer. As a result, the wavelength \=v/v of the light 
source, the gain G of the liber optic amplifier, the noise 
light power P ASE at specific resolution Ap, etc. are deter- 
mined. The noise figure (NF) is given from these values 
according to the following formula. 
(0004) 
(Formula 1) 



NF= ■ 







hvAv(G-I) 



(0005) Figure 1 (b) is a graph showing the results of de- 
tenrnning the wavelength dependency of the output hght 
of a fiber optic amplifier using an optical spectrum ana- 
lyzer. The aforementioned noise light power Pass is 
obtained by finding the area of the graph rilled with 
oblique lines. 

(0006) In the case of the electrical measurement method in 
Figure 2, the output light of the fiber optic amplifier is 
detected with a photoreceiver, and is then amplified with 
an electrical amp and measured with a spectrum analyzer. 
The NF value is given by the following formula. 

(0007) 
(Formula 2) 



NF — 



<i 2 s- 



sp ' 



2ne(G-l)is 

(0008) The noise figure measurement methods explained 
above are described for instance in "Oyd Butswi, Vol. 59, 
No. 9, pp. 1185-1187, 'Er-doped optical fiber based am- 
pb'fiers and their application,' Nakazawa" and "C. R. 
GILES et al, "Noise Performance of Erbium-Doped Fiber 



Amplifier...," IEEE Photonics Technology Letters, Vol. 1, 

p. 367, November 1989." 

(00W) 

(Problem to be solved by the invention) However, with the 
optical measurement method, as the signal light power 
inputted into the fiber optic amplifier increases, noise hght 
(ASE; amplified spontaneous emission) is suppressed and 
decreases. As a result, it becomes unclear whether the 
noise floor on the wavelength dependency graph deter- 
mined with the optical spectrum analyzer is based on ASE 
or due to the skirt part of signal light generated by the hght 
source. Conventionally, the noise light power is measured 
including the signal hght skirt part, so the calculated NF 
value tends to be on the high (poor) side. 

(0010) Meanwhile, with electrical measurement methods, 
it is necessary to use low noise devices for the photore 
ccivcr, electrical amp, etc. Furthermore, if reflection or the 
like ts present in the optical system comprising the fiber 
optic amplifier, there is also the problem that the detection 
output becomes unstable and determination of the NF 
valuo becomes difficult. 

(001 1) In this connection, the present invention has the 
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objective of providing a noise figure measurement method 

that is accurate and highly reproducible. 

(0012) 

{Means of solving the problem) To solve the aforemen- 
tioned problem, the noise figure measurement method of 
the present invention comprises (a) a first step La which the 
spectrum of the signal light for measuring the gain of a 
fiber optic amplifier is measured and the background com- 
ponent in the vicinity of the center wavelength of the 
signal light is detennined; (b) a second step in which the 
gain of the signal light is detennined based on the output 
light gutputtcd by said fiber optic amplifier in response to 
the input of the signal light; (c) a third step in which, on 
the basis of the gain and background component obtained 
in the first and second steps, the background-based com- 
ponent of output light due to said background component 
is computed; and (d) a fourth step in which the spectrum of 
the output light outputted by the fiber optic amplifier in 
response to the input of signal light is measured, and the 
difference between it and the background-based compo- 
nent computed in aforementioned step 3 is determined. 
(0013) Furthermore, the noise figure measurement device 
of the present invention comprises (a) a signal light source 
which generates a signal light for measuring the gain of a 
fiber optic amplifier, (b) a spectrum measurement means 
which measures the spectrum of the signal light generated 
by the signal light source and the spectrum of output light 
outputted by the fiber optic amplifier in response to the 
input of the signal light; and (c) a spectrum analysis and 
computation means which determines the background 
component in the vicinity of the center wavelength of the 
signal light based on the spectrum of the signal light meas- 
ured by the spectrum measurement means, determines the 
gain of the signal light based on the spectrum of the output 
light measured by the spectrum measurement means, com- 
putes the background-based component of the output light 
due to the background component on the basis of the ob- 
tained background component and obtained gain, and finds 
the difference between the spectrum of the output light 
measured by the spectrum measurement means and the 
background-based component. 
(0014) 

(Function) With the aforementioned noise figure meas- 
urement method and measurement device, on the basis of 
the gain and background component obtained by meas- 
urement the spectrum of signal light and output light, the 
background-based component of the output light due to 
this background component is computed, and the differ- 
ence between the spectrum of the output light and this 
background-based component is found. The obtained dif- 
ference spectrum is the ASF. component of the output light 
sur>erimposed upon the signal light minus the background 
component. Thus, if this difference spectrum is interpo- 
lated in the center wavelength area of the signal light, the 
ASE spectrum alone can be selected and measured. Using 
the results of this measurement, the ASE power can be 
determined more accurately, with the skirt part of the sig- 
nal light eliminated, and an accurate NF value can be given 
with good reproducibility. 
(0015) 

Received from < +2122582291 > at 7131/03 4:07:04 PM [Eastern Daylight Time] * 



(Embodiments) Below, an embodiment of the present in- 
vention is simply described with reference to the drawings. 

(0016) Figure 3 is a drawing illustrating the constitution of 
a noise figure measurement device according to an em- 
bodiment of the present invention. Signal light from a 
signal light source 2 is inputted via optical fiber into a fiber 
optic amplifier 4. This fiber optic amplifier 4 consists of 
optical fiber doped with rare earth elements, a pumping 
light source which generating excitation light, etc. Output 
light amplified by the fiber optic amplifier 4 is transmitted 
over optical fiber and detected by an optical spectrum ana- 
lyzer 6. The wavelength dependency of the output light 
power of the fiber optic amplifier 4, etc., is measured by 
this optical spectrum analyzer 6. The aforementioned sig- 
nal light source 2 has its signal light generation timing, 
waveform and the like controlled by a controller 8. The 
data relating to the output light of the fiber optic amplifier 
4 detected by the optical spectrum analyzer 6 is processed 
by a computation unit 10- Namely, based on analysis of the 
various data, such as the center wavelength X of the signal 
light, the gain G of the fiber optic amplifier and the noise 
light power Pase at specific resolution Af, the noise figure, 
is the NF value, is computed. 

(0017) The operation nf the measurement device in Figure 
3 is simply explained based on Figure 4. 

(0018) Figure 4 (a) shows the first computation procedure. 
The spectrum of the signal light power Pj,, (X) to be input- 
ted into the fiber optic amplifier 4 is detected by the optical 
spectrum analyzer 10 without passing through the fiber 
optic amplifier 4. The spectrum of the signal light is inter- 
polated in the vicinity of its center wavelength \$ to find 
the background component "P^ (X) forming the skirt part of 
the signal light, which is stored in the computation unit 10. 
(001$) Figure 4 (b) shows the second computation proce- 
dure. The spectrum of output light power (X) obtained 
by amplifying the signal light from the signal light source 
2 by passing it through the fiber optic amplifier 4 as shown 
in Figure 3 is detected by the fiber spectrum analyzer 10. 
The gain G of the fiber optic amplifier 4 is computed by 
comparing the peak valne of power and the peak value 
of power and is stored in the computation device 10. 

(0020) Figure 4 (c) shows the third computation procedure. 
Based on the background component P siI1 (X) and the gain 
G, the background-based component P MUI (X) - GPaj, (X) of 
the output light due to this background component is com- 
puted and stored in the computation device 10. When the 
wavelength range is relatively wide, it is more accurate to 
first determine the wavelength dependency G (X) of G with 
the second means. 

(0021) Figure 4 (d) shows the fourth computation proce- 
dure. The background-based component P^m stored in the 
third computation procedure is subtracted from the spec- 
trum of the power P^t of the output light detected by the 
optical spectrum analyzer 10, and this difference spectrum 
is interpolated in the center wavelength area of the signal 
light, which allows the transmission and reception unit 
noise light power Past? (corresponding to the area filled 
with oblique lines) alone to be selected and measured. 

(0022) In the final computation procedure, the noise figure 
NF is calculated according to formula 1 based on the noise 
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light power Pase. the center wavelength \, the gain G, etc. 
This noise figure NF is a value from which the skirt part of 
the signal light has been excluded, so it is more accurate 
and of better reproducibility. 

(0023) The present invention is not limited to the above 
embodiment. For example, one can also use an optical 
spectrum analyzer incorporating a computation device 14. 
(0024) 

(Effect of the invention) According to the noise figure 
measurement method and device of the present invention 
as described above, the difference spectrum obtained by 
finding the difference between the background-based 
component and the output light spectrum is the signal light 
with the background component subtracted therefrom su- 
perimposed upon the output light ASE component. 
Therefore, if the difference spectrum is interpolated in the 
center wavelength area of the signal light, the ASE spec- 
trum alone can be selected and measured. By using the 



results of this measurement, the ASE power can be deter- 
mined more accurately with the skirt part of signal light 
eliminated, which can provide accurate NF values with 
good reproducibility. 
(Brie f description of the drawings) 
(Figure 1) A drawing illustrating an example of a conven- 
tional method for measuring the noise figure of a fiber 
optic amplifier. 

(Figure 2) A drawing illustrating another example of a 
conventional method for measuring the noise figure of a 
fiber optic amplifier. 

(Figure 3) A drawing illustrating the constitution of a 
noise figure measurement device as per an crnbcxlitiicnL 
(Figure 4) A drawing explaining the processing in the 
measurement device of Figure 3. 
(Description of the symbols) 

2 — signal light source; 4 — fiber optic amplifier; 6, 10 ••• 
analysis means 
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A: Measurement device as per an embodiment 
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